S. pneumoniae is a significant cause of community-acquired pneumonia in the elderly, and accounts for the majority of the pneumonia deaths among the elderly. We conducted this randomized double-blind study to evaluate the immune response to a 23-valent pneumococcal polysaccharide vaccine and the persistence of antibodies two years after the vaccination in an elderly population in Santiago, Chile. A total of 118 elderly nursing home residents received either the pneumococcal or a tetanus control vaccine. Serum samples were taken at enrolment, at two months, and at two years post-vaccination. Pre-vaccination anti-pneumococcal antibody geometric mean concentrations (GMC) were similar in both study groups, with increased levels of antibodies found only against serotype 14. The pneumococcal vaccine was highly immunogenic at 2 months, and titers remained high two years after the vaccination for the 10 serotypes studied in this elderly population. The results thus support the benefits of this pneumococcal vaccine in this elderly population who are at increased risk of invasive pneumococcal disease.
Streptococcus pneumoniae can result in conditions ranging from nasopharyngeal colonization to otitis media, and invasive diseases such as meningitis, sepsis, bacteremia, or pneumonia. S. pneumoniae may account for 30% to 50% of all adult communityacquired pneumonias (CAP) requiring hospital admission and may also be the most frequent cause of pneumonia in long term care institutions [1, 2] . A meta-analysis of 122 reports of CAP between 1966 and 1995 showed that S. pneumoniae caused 66% of nearly 7,000 cases having an established etiology [3] .
The reported annual incidence of pneumococcal infections worldwide is between 130 and 210 cases for every 100,000 inhabitants, but the rate is higher in elderly persons and in patients with a compromised immune system [4] . Recent data suggest that the rate of CAP in the US is 18.2 cases per 1,000 person-years in persons aged 65 to 69 years, rises to 52.3 cases per 1,000 person-years in those aged 85 years and older, and in nursing home residents, the rates of CAP are estimated to be more than 300 cases per 1,000 person-years [5] [6] [7] . The annual incidence of invasive infections due to Streptococcus pneumoniae in adults older than 64 years in Chile, in a followup period of five years, has been reported to be 234/100,000 [8] . The mortality rate for pneumonia in 1998 in Chile was 83/ 100,000 inhabitants [9] .
Pneumonia in elderly patients is often caused by microaspiration of upper respiratory tract secretions colonized by S. pneumoniae, especially in those with an alteration in local defense mechanisms. Elderly individuals often have medical histories, underlying conditions, or chronic diseases that increase their risk of pneumonia, such as chronic cardiac and pulmonary conditions, diabetes mellitus, alcoholism with liver failure, dementia, cerebrovascular diseases, and a smoking habit [10, 11] . Pneumococcal diseases are traditionally community-acquired pathologies. Long-term care facilities, or nursing homes, are unique among community settings, providing an environment rich in susceptible hosts and ideally suited for spread of respiratory diseases.
Whether the infection is acquired in the community or in long-term care, more than 80% of invasive pneumococcal isolates from older adults are serotypes included in the 23-valent pneumococcal vaccine (Pneumo 23 ™ , Sanofi Pasteur, Lyon France) currently available in Chile [8] . This finding highlights the potential benefits expected from immunizing this high-risk population. Our primary objective was to determine the immunogenicity of this 23-valent pneumococcal polysaccharide vaccine in elderly in a long-term care institution at 2 months and at 2 years post-vaccination.
Materials and Methods

Study Design and Population
This double-blind, randomized, controlled, study enrolled subjects who were residents of Hogar de Ancianos Rosita Renard residence for the elderly, between August 1998 and September 2000. The study protocol and consent form were approved by the study center Ethical Review Committee of Universidad de Los Andes, and all subjects gave written informed consent before study entry. Before entering the study, a physician examined each patient and obtained a clinical history. Subjects were randomly assigned in equal numbers to receive a 23-valent pneumococcal polysaccharide (Group B), or a monovalent tetanus toxoid control vaccine (Group A). Male and female residents, 60 years of age or older were eligible if they had a normal immune system, were self sufficient in carrying out daily activities, and were receiving adequate treatment for any chronic disease or condition if present. Patients with an acute febrile illness 7 days prior the study, or immunocompromised subjects with a high risk of pneumococcal disease or complications, spleen dysfunction, splenectomy, lymphoma, multiple myeloma, chronic kidney failure or organ transplant candidates, HIV/AIDS, and individuals with cerebrovascular disease, diabetes mellitus or alcoholism were excluded. Subjects having a pneumococcal vaccination within a period of 6 years were also excluded.
Vaccines
The studied vaccine was Pneumo 23 ™ , a polyvalent polysaccharide vaccine. Each 0. 
Immunology
A pre-vaccination blood sample was taken from each subject. Two months after vaccination, a second blood sample was obtained to measure the antibody response to 10 pneumococcal serotypes. In order to evaluate antibody persistence, a third blood sample was obtained approximately 2 years after vaccination.
The antibody concentration was determined by ELISA using polysaccharide antigens obtained from the American Type Culture Commission (ATCC, Manassas, Virginia, USA) using a previously described method in which association between the antibody concentration detected by ELISA and opsonophagocytic activity (OPA) was improved [12] . Geometric Mean Concentrations (GMC) and 95% confidence intervals (95% CI) were calculated for anti-pneumococcal antibodies against the following 10 serotypes: 1, 3, 4, 5, 6B, 9V, 14, 18C, 19F and 23F. Descriptive comparisons were made of GMCs based on the calculated 95% CI. Pre-vaccination GMCs ≥1.3 μg/mL of antibodies, (equivalent to 200 ng IgG/ mL) were defined as the threshold seropositive level [13] . Vaccine response/seroconversion was defined a 2-fold increase over pre-vaccination levels in GMCs at 2 months and at 2 years after vaccination.
Reactogenicity and Safety
Reactogenicity and safety were evaluated by subject reports one hour, 24 hours and 48 hours post-immunisation. We recorded local and systemic reactions related to vaccination.
Results
Subject Disposition
From 118 subjects, 55.1% were men and 44.9% women. Chi-square test was used to compare the two groups of study, vaccinated and the control groups. There were no differences in the coexisting diseases of the patients (p > 0.9). Nineteen point five per cent had cardiac disease, 41.5% had hypertension, 9.3% diabetes mellitus, and 10.2% chronic lung disease. The demographic data for the study population is summarized in Table 1 . Antibody levels were measured before and 2 months after pneumococcal vaccination in 30 subjects, and a third measurement was made at 2 years in 15 subjects. In the control group, 41 subjects were evaluated before vaccination and two months later; antibody levels were measured in 22 subjects at 2 years. Decreases in the numbers of subjects available between enrollment (n = 118), at 2 months (n = 71), and at 2 years (n = 37) resulted from transfers to other institutions and blood samples that were insufficient for the laboratory analysis. For ethical reasons the investigators decided not to obtain another sample.
Immunology
The immunologic data for each of the 10 pneumococcal serotypes tested are listed in Table 2 . The highest prevaccination titers in both study groups were of antibodies against serotype 14, with values of 3.1 μg/mL. (95% CI:2.2; 4.6) and 3.9 μg/mL. (95% CI:2.8; 5.5) respectively. The lowest pre-vaccination GMCs were those against serotype 4 in both groups with values of 0.45 μg/mL (95% CI: 0.3-0.7) and 0.49 μg/mL (95% CI:0-3-0.7). Before vaccination, the antipneumococcal antibody GMCs for the ten serotypes evaluated were similar. The highest GMCs two months after vaccination were against serotypes 14, 5, 19F and 18C in the group receiving pneumococcal vaccine, with values of 10.27 μg/mL (95% CI:7.4-14.2), 5.90 μg/mL (95% CI:4.5-7.7), 4.15 μg/mL (95% CI:2.96-5.8), and 3.27 μg/mL (95% CI:2.5-4.3) respectively. In the subjects vaccinated with the pneumococcal vaccine, the antibody levels for each serotype remained increased two years after vaccination, and the GMCs in this group were higher at 2 months and at 2 years for all the antibodies evaluated than those in the group receiving the control vaccine ( Table 2 ). The pre-and post-vaccination GMCs are shown in Figures 1 to 4 .
Reactogenicity and Safety
The most frequently reported local events within 1 hour following pneumococcal vaccination were pain at the injection site (15.3%), and redness (3.4%); 81.3% of subjects did not report any reaction. At 24 hours, 5.9% reported pain at the injection site, 5.9% experienced redness and 0.8% swelling. At 48 hours post-vaccination, only 5.9% of the subjects experienced redness, 1.7% swelling and 1.7% pain. No systemic adverse events were observed.
Discussion
Our objective was to measure the immediate immune response to 10 of the serotypes contained in the vaccine 2 months after vaccination in an elderly population, as well as the persistence of antibodies two years after vaccination. Our Table 1 . Characteristics of volunteers enrolled in the pneumo 23 vaccine trial Table 2 . Geometric mean concentrations and 95% confidence intervals of antibodies to pneumococcal serotypes in vaccinated and control groups results confirmed the high immunogenicity of this vaccine as well as the fact that the antibody levels against the serotypes measured remained high throughout two years of follow-up. High pre-vaccination levels of anti anti-serotype 14 antibodies in the studied population can be explained by the high prevalence of this serotype in colonization or invasive infections in our environment [14, 15] . We do not have clear information about the protective antibody levels in adults. However, in children who have not received pneumococcal vaccine, a GMC of at least 1.3 μg/mL for any of the ten serotypes studied appears protective [13] . Pre-vaccination titers in our study group had such increased values only for three serotypes: 5, 14 and 19F. In a second sample, two months after vaccination, there was 100% seroconversion in the serotypes studied, defined as at least a two fold increase in GMC, and all were above the presumed protective concentration.
It is also important to know how long the antibodies remain above a protective level, especially in elderly patients who are at increased risk for pneumococcal diseases. Two years after vaccination, the levels of antibodies were below the presumed protective levels only for serotype 4 (1.05 μg/mL). In a previous study conducted in a nursing home population, a decline in seroconversion rates following vaccination has been seen for serotype 14, and serotypes 6B and 23F have also been less immunogenic in relation to responses to other pneumococcal capsular antigens [14] . In general, our immunogenicity findings are similar to those previously described, which found stronger responses to serotypes 9V and 14 [16] . It is important to emphasize that it is difficult to compare the GMCs in our results with those of earlier studies, since the method for determination of antibody concentration changed in the year 2000 to one in which cross-reactivity between pneumococcal serotypes in the test panels and the subject samples were reduced [12] . We used the new methodology in our study.
Pneumococcal polysaccharide vaccines have been licensed by many countries worldwide since their introduction in 1982, and have been included in programs for prevention of serious respiratory diseases in the elderly, especially pneumonia in developed countries. The recommendation for pneumococcal vaccination in the elderly is often combined with that for influenza vaccination [17] . Data on the efficiency of this vaccine is limited for various reasons, among them, lack of a surveillance system with defined diagnostic and confirmation standards for pneumococcal pneumonia in patients over 65 years old. The available data indicate effectiveness between 48% and 81% for prevention of invasive disease, depending on the study [18] [19] [20] . Health economics investigations data support the cost-effectiveness of pneumococcal polysaccharide vaccines in elderly populations [21, 22] . The American Advisory Committee on Immunization Practice (ACIP) recommends vaccination of high-risk groups, who are two years of age or older and healthy people 65 years of age or older [23] .
The social, economic and medical burden of pneumococcal disease, especially in the elderly, immunocompromised patients, or those with chronic diseases, together with an increase in antibiotic resistant S. pneumoniae, creates a rationale for use of pneumococcal polysaccharide vaccine in these groups. We conclude that the immune response and persistence of antibody concentrations in response to the pneumococcal vaccine observed in this studyprovide important additional support for its routine use in elderly populations, who, like those in our study, are at increased risk of pneumococcal infection.
